were obtained from mothers with known sperm-pos~tive data Transport of bicarbonate (HCO:,-) was studied i n segments of the jejunum and ileum in two-, three-. and eight-wk-old rats using an in viva, one-pass perfusion technique. From isotonic solutions the net absorption of I~CO:I-(pmol/hr/g dry wt) in the jejunal segments was about twice as great (P < 0.01) in the two-and three-as in the eight-wk-old rats. I n ileal segments, I1CO:,-transport was quite variable: i n the two-and three-wk-old rats, there was net ahsorption. whereas in the eight-wk-old rats. there was net secretion. I n both segments. net absorption was unaffected by addition of glucose (5 mmoles/liter). or acetazolamide (10 mmoles/liter) to the perfusion solution. Perfusion of a hypertonic solution ( 9 0 mOsmoles/kg) through the segments of the two-wkold rats induced metabolic acidosis. which was associated with net secretion of relatively large amounts of bicarbonate into the lumen of both segments. Perfusion of the hypertonic solution in the eightwk-old rats did not change blood acid-base status. I n these rats. net absorption of bicarbonate in the jejunum was decreased. and net secretion in the ileum was enhanced in comparison to values noted during perfusion of the isotonic solution.
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Summary
were obtained from mothers with known sperm-pos~tive data Transport of bicarbonate (HCO:,-) was studied i n segments of the jejunum and ileum in two-, three-. and eight-wk-old rats using an in viva, one-pass perfusion technique. From isotonic solutions the net absorption of I~CO:I-(pmol/hr/g dry wt) in the jejunal segments was about twice as great (P < 0.01) in the two-and three-as in the eight-wk-old rats. I n ileal segments, I1CO:,-transport was quite variable: i n the two-and three-wk-old rats, there was net ahsorption. whereas in the eight-wk-old rats. there was net secretion. I n both segments. net absorption was unaffected by addition of glucose (5 mmoles/liter). or acetazolamide (10 mmoles/liter) to the perfusion solution. Perfusion of a hypertonic solution ( 9 0 mOsmoles/kg) through the segments of the two-wkold rats induced metabolic acidosis. which was associated with net secretion of relatively large amounts of bicarbonate into the lumen of both segments. Perfusion of the hypertonic solution in the eightwk-old rats did not change blood acid-base status. I n these rats. net absorption of bicarbonate in the jejunum was decreased. and net secretion in the ileum was enhanced in comparison to values noted during perfusion of the isotonic solution.
Speculation
From results of the present study of segments of the jejunum and the ileum, it cannot be assumed that the excessive loss of bicarhonate from the small intestine can explain the metabolic acidosis associated with infantile diarrhea. kiowever, i f studies of the colon also show excessive loss of bicarbonate during osmotic diarrhea, they will lend further support to the assumption that the loss of bicarbonate from the small and large intestine is a major cause for the metabolic acidosis noted i n infants suffering from osmotic diarrhea.
During rtl vivo perfusion of an isotonic solution. rates ofabsorption of water, sodium, chloride. and bicarbonate were greater in the jejunum and in the ileum of 2-wk-old than in corresponding segments of 8-wk-old rats (17). Under s~m i l a r cond~tion of'in vivo perfusion, experimentally induced osmotic diarrhea caused greater losses of water. sodium, and chlorlde in the intestine of infant than in :~dolc.;rent rat'; (19). The h:\.;i.: for theqe age-rel:~ted difference? in intestinal transport of water and electrolytes is not known. However. the findings suggested that the permeability of the intestinal mucosa to water and electrolytes may be greater in infants than in older rats. This may partly explain why infants are more prone than adults to develop dehydration, electrolyte imbalance, and acidosis during episodes of diarrhea. The purpose of the present study was to investigate further transport of bicarbonate in the jejunum and ileum of 2-wk-old (suckling). 3-wk-old (weanling). and 8-wk-old (adolescent) rats and to determine its importance in the development of acidosis during experimentally induced osmotic diarrhea.
Two-(14-to 15-day-old) . 3-(21-to 22-day-old) . and 8-(56-dayold) wk-old male albino rats were used for the studlea. T h e rat\ purchased from Biolab C'orp. (St. Paul. MI). At the iime of study.
the rats were anesthetized with a mlxture of ethylurea ( K Br K Laboratories. Inc.. Plainview. N Y ) and phenobarbital ( 6 : I ) given IP as injections and placed on heating pads. The abdominal cavity was opened. and the temperature of the peritoneal cavity was monitored and maintained at 36 to 37°C. Segments ( 10 to 15 c m ) of the jejunum (just distal to the ligament of Tre~tl.) and ileum (just proximal to the ileocecal junction) were rlnsed with 50 rnl o f isotonic solution of sodium chloride (NaCI. 154 n1M) and then flushed with 100 ml of air. Inlet and outlet cannulae were rnserted into these segments and tied in place. The intestine adjacent to the cannulated segments were tied with ligatures. The intestine was replaced into the peritoneal cavity. and the cannulated segments were perfused. The procedures used have been described in detail in previous publication5 (18. 19).
Four diff'erent solutlons were used. The solutions were isotonic (300 mOsmoles/kg) containing bicarbonate or free of bicarhonate or hyperton~c (500 nlOsmoles/kg) contalnlng b~carbonate or free of bicarbonate. The isoton~c solutions with bicarbonate contained per liter: 140 nlrnoles of sod~urn. 5 mrnoles of potassiunl. I20 mmoles of chloride. and 25 mmoles of bicarbonate. The isotonic solutlons free of bicarbonate contamed Der l~t e r the same amounts of \odium and potassium and 145 mmoles of chloride. The osmolality of the solutions was adjusted by adding enough mannitol to achieve an osmolality of 295 to 302 mOsn~oles/kg. T h e coniposit~on of the hypertonic solutions was the same as the ones described above except that to each was added an extra 200 mmoles of mannitol (Fihher Scientific Co.. Pittsburg. PA) to attaln an osmolality of 500 mOsmoles/kg. All solutions conta~ned 20 mg/liter of phenol red as nonabsorbable marker for volume change. For the study of a given solution. five to seven rats were used at each age period. The effect of^>-glucose and aceta~olanlide -.
on bicarbonate transport was evaluated by perfusing segments of separate groups of rats with solutions identical to the so tonic solutions with bicarbonate. with the exception that the solutions contained 5 mmoles/liter of 11-glucose (Fisher S c~e n t~l i c %.I> callmated in a separate group of rats whose lntestlnal segments were perfused with the isotonic solution w~t h bicarbonate to which was also added tracer N a H 1 ' C O I (New England Nuclear. Boston. MA: 5 mCi/mmole). The specific activity of "c-labeled sodium hicarbonate in this perfusion solution was 4000 dpm/~rmole of NaH<'OI. H C O l is in e q u i l~b r~u m w~t h H 2 C O l and <'02 and movement of "C-labeled H C O I oul of the lumen could have been as 11C02. HJ1'(.Ol and/or as HU<'O, . Inasmuch as it is possible that a portion of the "C-labeled H C O , reentered the lumen. the rate of disappearance of "C radioactivity was only on approximate value for the unidirectional movement of labeled "C out of the lumen. be it transported as COJ. HJCO,. and/or as HC'O., . For the sake of simplicity, the rate of transport of "C was taken as indicating the unidirectjona~ flux of bicarbonate.
T h e solutlons containing bicarbonate were bubbled with a gas
mixture of Sr+> C 0 2 and 9 5 3 O2 to attain a pH of about 7.4 and a PCO: of about 40 mm Hg just prior to perfusion. Glass reservoirs. tubes, and collecting syringes were used to minimize the escape of C O from the system. All solutions were perfused (one pass) at the rate of 0.3 ml/min. The solution perfused over the first 60-min period was discarded. and that perfused over the next 60 rnin was collected separately during three consecutive 20-min periods. After the perfusion period. the perfused segments were stripped from the mesentry, and their contents was emptied by gentle pressure of the forefingers placed in the middle and drawn towards the edges. After length and wet weight were determined. the segments were cut open along the mesenteric line, and the mucosa was scraped with the edge of a microscope slide. The mucosal scrapings were dried in a vacuum oven at 90 to 95°C for 24 hr and dry weight was measured.
Immediately after the perfusion period. in the perfusion solutions and the perfusates collected. pH and PCO? were measured at 37°C using a Radiometer PHM 72 MK2 (Radiometer. Copenhagen) acid-base analyzer with appropriate pH and PC02 electrodes. Total C 0 2 content was determined using a Natelson Microgasometer (Micrometric Instrument Co.. Cleveland. OH). Bicarbonate concentration in the solutions was calculated from total COL content. pH, and PCO? of the solutions using the Henderson Hasselbalch fbrmulae. Radioactivity of "C was determined in a Beckman LS 300 Liquid Scintillation Spectrometer (Beckman Instruments. Inc.. Inin. CA). and phenol red was determined as described by Schedl and Clifton (13).
Transport of bicarbonate ( H C O I ) was calculated from the following formula:
where T is net transport of HCO I in pmole/20 min: V is volume of fluid perfused during a 20-min perfusion period in ml: [HCO I-] is concentration of bicarbonate in pmole/ml; PR is concentration of phenol red in perfusion fluid in pg/ml; i refers to initial values in the perfusion fluid before perfusion; and f refers to final values (ML) flux of bicarbonate was calculated as the difference between LM flux and net abwrption.
During the last hr of perfusion, steady state conditions had been achieved, because in all rats the values for the transport of bicarbonate during each of the three 20-min collection periods did not vary by more than 22V of each other in the jejunal as well as in the ileal segments perfused. The corresponding values for transport rates and the lluxes were combined for the three collection periods and expressed as pmole/hr. So that we would be able to compare bicarbonate transport in the segments of the rats at the three age periods. the absorption rates were normalized for the wet weight of the segment or the wet or dry weight of the scraped mucosa.
The unpaired student / test was used to compare mean values between corresponding segments of the control and test rats. and the paired / test was used to compare mean values between segments in each group of rats. A value of P < 0.05 was taken as indicating a statistically significant difference between the corresponding mean values (8).
RESULTS
Because in the studies of the different solutions body weight and measurements of the segments perfused were similar in the rats at each age period, they were combined, and the means for each age period are shown in Table 1 . Intestinal segment wet weight and wt:cm length ratios were severalfold greater in the 8-than in the 2-and 3-wk-old rats. The mucosal scrapings, in the 2-wk-old rats formed around 50%. and in the X-wk-old rats it formed about 709) of the full-thickness segment weight. This suggested greater mucosal epithelial (functional) mass per unit length of intestine in the older than in the younger rats. Water content of the segment mucosa was usually greater in the X-than in the 2-and 3-wk-old rats.
In periusates collected. A positive T was considered as indicating ('tIAN(it: S IN AC'ID-BASE STATUS OF P E R F U S A T t S net absorption. and a negative T was considered as indicating net secretion ;f bicarbonate ynto the lumen of the perfused segments.
Chon~e.r Dririnp Perfii.rion o f /hc Irotonic .Ynlrrlion uilh Rirnr-1 ranhport o l water was calculated lrorn change in concentration honote. In the jejunal segments at all three age periods. perfusion of phenol red during perfusion.
solution total C 0 2 content decreased and its PCOs increased both Disappearance of "C radioactivity from the lumen was taken by about X to 15r5 of initial values ( P < 0.05). In the ileal segments. as approximating lumen-to-mucosa (LM) flux of bicarbonate and perfusion solution total CO2 content did not change significantly wah determined using the following formula:
in the 7-and 3-wk-old rats, but in the 8-wk-old rats. perfuslon solution total CO? content and PC02 increased by about 8' t of initial values ( P < 0.01 ).
where LM flux is b~mole/20 min, dpm is "C disintegrations per Changes hiring PerJusion ofthe Hvpertonic Solution n,ith Bicarmin per ml of the perfusion solution. and [ HCO., ] is concentration honate. Total CO2 content of the perfusion solution did not change of HCO, in perfusion solutions (pmole/ml). The other symbols significantly in either the jejunal or ileal segments of the 2-wk-old have the same meaning as described above. The mucosa-to-lumen rats. However, in the 8-wk-old rats. perfusion solution total CO: Table I Hod, uelght of /he ralc and meacurernenr~ of /he mrerrrnal seRmen/r perJused' ' At each age. five to seven normal rats were used for study of each one of the perfusion solutions. During perfusion o f t h e isotonic and hypertonic solution free of bicarbonate in both the jejunal and ileal segments of the 2-and of the X-wk-old rats, perfusion solution total C 0 2 content and PC02 increased by two-to eight-fold over initial values ( I' < 0.0 1 ). T h e pH o f the perfusion solutions varied in accordance with the changes in the total C 0 2 content and PC02 uf the perfusion solutions Kate of transport of bicarbonate expressed on the basis of dry weight of the mucosal scrapings of the segments are shown in Table 2 . Rates of transport expressed on the basis of wet weight of segments a n d the wet weight of the mucosal scraping had the same relationships as noted in Table 2 . During perfitsion of the isotonic solution with bicarbonate, there was net absorption of bicarbonate ( + values) in the jejunal segments of rats at all three age periods. Rates of absorption were significantly greater in the jejunal segments of the 2-and 3-than in those of the 8-wk-old rats ( P < 0.01). In the ileal segments, there was net absorption of bicarbonate in the 2-and 3-wk-old rats and net secretion ( -values) of bicarbonate in the 8-wk-old rats. Addition of glucose ( 5 mmoles/liter) or a c e t a~o l a m i d e (10 mrnoles/liter) to the perfusion solutions did not influence rate of net transport of bicarbonate in the jejunal or in the ileal segments at any of the three age periods and are not presented in the table.
Perfusion of the hypertonic solution with bicarbonate caused net secretion of bicarbonate into the lumen of both the jejunal a n d the ileal segments of 2-wk-old rats. In the X-wk-old rat\.-there was minimal net absorption in the jejunal segment and net secretion in the ileal segment. Rates of transport during perfuslon of the hypertonic solutions with bicarbonate were significantly difk r c n l ( P r 0.01 t o 0.005) than corresponding r:ltcs during pcrt.11-sion of the isotonic solutions with bicarbonate.
[luring perfusion of the solutions free of bicarbonate. there was net secretion of bicarbonate into the lumen of the jejunal and of the ileal segments in both the 2-and the X-wk-old rats. In the jejunal segments of the 2-wk-old rats, rates of net secretion were significantly greater during perfusion of the hypertonic solution than during perfusion of the isotonic solution ( P < 0.01) free of bicarbonate. In the ileal segments of the 2-wk-old rats and in both segments of the 8-wk-old rats. net secretion rates were not significantly influenced by increasing the osniolality of the solutions free of bicarbonate.
from the lumen in the 3-and X-wk-old rats. In comparison to perfusion of the isotonic solution. perfuslon of the hypertonic solution significantly incresed net water secretion in both the jejun;~l and ileal segments of the 2-wk-old rats ( I ' < 0.005) and reversed net absorption to net secretion in the X-wk-old rats. Rates 01' net secretion of water were severalli~ld greater In segments 01' the 2-wk-old than in the corresponding segments of the X-wk-old rats ( P < 0.01 ). In a previous slmilar study of rats ( 19). we showed that recovery of phenol red alier it1 rive perfusion of the segments o f t h e jejunum and ileum was 96 to 98"; in both 2-and 7-wk-old rats. These findings indicated that the differences in rates of transport 01' water between segments of the 2-and X-wk-old rats were nc)t d u e to m;tjor d i f i r e n c e s in absorption of phenol red in intestinal segments of the rats studied.
At the end of the 2-hr perfuslon perlod with the isotonic solut~on. there was no significant change in the acid-base status of the 2-and 8-wk-old rats. Blood pH (mean 2 S . E . ) in the 2-wk-old rats was 7.34 2 0.03. and in the X-wk-old rats. it was 7.43 + 0.02.
These were not very different from values in unperftlsed r;its of similar age. 7.41 + 0.04 and 7.42 + 0.01. respectively. At the end of the 2-hr perfusion period with the hypertonic solutions with bicarbonate. the 2-wk-old rats developed relatively severe metabolic acidosis. pH 7.19 + 0.02 and P < ' 0 2 29 + 2 mrn Hg. but the 8-wk-old rats did not ( p H 7.46 + 0.03 and PCO. ZX + 2 rnm Hg).
Blood PO2 in the 2-and 8-wk-old rats showed a mean o f 9 I to 105 mrn Hg.
T h e LM and M L fluxes were approximated during pcrftlslon of the isotonic solution containing bicarbonate. In the jejunal segments, both unidirectional fluxes (mmoles/hr/g dry w t ) were over 2-lbld and significantly greater in the 2-wk-old (mean + S.E.: LM.
2.SU 2 U.58. ML. 0.70 T h e LM and ML fluxes expressed on the basis of wet weight of the segments or on the basis ofwet weight o f t h e rnucosal scraping had the same relationsh~ps as those expressed on the dry weight of the mucosal scraping.
TKANSI'OKT Of. Findings in the X-wk-old rats of the present study were s i m~l a r to those reported in adult rats, indicating net ahsorption of bicarDuring perfusion of the isoton~c solution, water was secreted bonate in the jejunum and net secretion in the ileum ( 1 1. 14) . In into the lumen of the segments in the 2-wk-old rats and absorbed the intant rats. the pattern oftransport of bicarbonate wasdifferent than those in the 8-wk-old rats. suggesting a change in the mechanism(s) of transport of bicarbonate during maturation of the small intestine. ~n the jejunum, the relatively much higher rates of net absorption of bicarbonate in the 2-wk-old rats declined to the lower levels noted in 8-wk-old rats. In the ileum. the minimal net absorption present early in life changed to significant net secretion later in life. The above changes appeared to take - . . place gradually and to have occurred sometime after weaning ( 3 wk of age) in the rat. The magnitude o f t h e approximated unidirectional fluxes of bicarbonate along the length of the intestine also indicated changes during maturation. At 2 wk of age. the LM flux of bicarbonate (mmoles/hr/g dry wt of mucosal scrapings) showed a proximal-to-distal gradient. This gradient was lost by 8 wk of age. mainly due to the decrease in the LM flux in the jejunum (from 2.80 to 0.97). The reverse or MI-flux showed a distal-to-proximal gradient. This gradient persisted during maturation, but the magnitude of the gradient increased with age and was mainly due to the decline in the ML flux in the jejunum (from 0.7 to 0.2).
In the jejunum. the changes In acid-base status (decrease in pH and total C O content and increase in PCO:) noted during perfusion of the isotonic solution with bicarbonate were consistent with the theory accepted by most investigators that bicarbonate is absorbed as CO, resulting from an exchange of Na'-H' between the lumen and mucosa (3, 4. 7. 10 . 1 1 , 16). The secreted H' combines with H C O , to produce H 2 C O l which dissociates into C O and HLO. The greater rate of net HCO., absorption in the jejunal segments of the 2-and 3-wk-old than in those of the X-wkold rats could have been due to a greater rate of Na'-H' exchange in the segments of the younger rats. Inasmuch as the Na'-H' exchange mechanism may account for only 15 to 57'''r of the HCOI absorbed in the jejunum (7. 12). differences in other mechanism(s) could have also been responsible for the age-related
The concentration gradient of bicarbonate between the lumen of the jejunum (23 to 24 mmoles/liter) and the plasma (about 18 mrnoles/liter) was only slightly higher in the 2-wk-old (6 mmoles/ liter) than in the X-wk-old (5 mmoles/liter) rats. it would not be expected that the three-fold difference in rates of net bicarbonate absorption was due to the differences in concentration gradients <,I' b i c a r b o n a t e a c r o s b t h e xgnient n l u c u s u .
Inasmuch as absorption of bicarbonate is not influenced by alterations In the transepithelial potential difference (12) and under conditions similar to those in the present study the potential difference across the intestinal epithelium appeared to be minimal (7. 12) . it seems unlikely that the differences in rate of absorption of bicarbonate in the jejunum of the 2-and 8-wk-old rats could have been due to potential differences across the segment epithelium.
In the ileum. bicarbonate appears to be actively transported from the mucosa into the lumen (2. 3. 5, 6 . 14). Most investigators have favored the concept that bicarbonate is secreted into the lumen in exchange for chloride absorption (5, 6. 1 1 . 15) . The finding that in the ileal segments of the 2-and 3-wk-old rats there was absorption of bicarbonate rather than secretion suggested that the H C O I -C1 exchange mechanism was less active in the ileum of the 2-than in that of the 8-wk-old rats. However. the agerelated variations could have been due to other differences in mechanism(s) of bicarbonate and chloride transport. such as a process in which H ' transport is governed in part by rate of CI absorption or an exchange of hydroxyl ion for chloride (6).
Glucose in this study at a concentration of 5 mmoles/liter and in our previous study at a concentration of 1.5 mmoles/liter (17) did not intluence rate of transport of bicarbonate. Aceta~olamlde in doses larger than that used in the present study ( I 0 mmoles/ liter) decreased the rate of absorption of bicarbonate in the jejunum and increased its rate of secretion in the ileum (9. 1 I).
he finding of the present study that acetazolamide did not effect rate of transport of bicarbonate either in the jejunum or in the Ileum is consistent with the suggestion that whatever the biochemical basis of the ionic exchanges which constitutes the processes of salt and bicarbonate transport in the small intestine, the presence of carbonic anhydrase may not be obligatory ( I ).
During perfusion of the isotonic solution free of bicarbonate. the concentration gradient of bicarbonate between plasma (about I8 mmoles/liter) and lumen ( I to 7 mmoles/liter) probably served as a driving force to cause net secretion of bicarbonate into the lumen of the perfused segments. In both the 2-and 8-wk-old rats. the higher rates of net secretion In the ileal than In the jejunal segments (Table 2) were not completely unexpected because the ML flux of bicarbonate was greater in the ileum than in the jejunum. The higher rate of net secretion of bicarbonate in the jejunum of the 2-than in that of the 8-wk-old rats during perfusion of the isotonic and of the hypertonic solutions suggested greater permeability of the jejunal mucosa to bicarbonate in the 2-than in the X-wk-old rats and was consistent with the almost two-fold greater unidirectional lluxes of bicarbonate in the jejunum of the 2-than in that of 8-wk-old rats. T h e response of the intestinal segments to perfusion of the hypertonic solutions was different at the two age periods. In 2-wk-old rats. the jejunal segment did not appear to adjust to the osmolality of the perfusion solution. and rate of net secretion of bicarbonate increased in proportion to the rise in osmolality of the perfusion solution (Table 2) . However. the ileal segment of the 2-wk-old rats and both segments of the eight-wk-old rats responded to increased luminal osmotic pressure in a way !o decrease loss of bicarbonate into the lumen. and net secretion rates were slightly lower during perfusion of the hypertonic than the isotonic solutions free of bicarbonate. The reason why this response was not as effective during perfusion of the hypertonic solution containing bicarbonate is not known.
. .
Because of the greater permeability of the intestinal mucosa to bicarbonate in the 2-than in the X-wk-old rats and because of the lack of response to luminal hypertonicity of the jejunum in the two-wk-old rats, net loss of bicarbonate during perfusion of the hypertonic solution was relatively greater in the infant than in the older rats (solution with bicarbonate: 2-wk-old. 77 pmoles/hr: 8-wk-old, 175 pmoles/hr). The total loss when compared on the basis of 100 g body weight was almost 2-fold greater in the 2-wkold ( 2 pmoles/hr) than in the 8-wk-old ( 1 pmole/hr) rats. The older rats appeared to have compensated for the loss. but the younger rats lallrd to do so and became severely ac~dotlc.
